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I. INTRODUCTION 
This r e p o r t  covers the f i r s t  quarter  of an e i g h t  month study 
t o  develop a nickel-cadialm; c e l l  which, after being s t e r i l i z e d  accord- 
ing t o  the  Test  Approval Procedure, w i l l  g ive a power dens i ty  and cycle  
l i f e  approaching a standard nickel-cadmium c e l l .  
The f i r s t  phase of t h i s  i nves t iga t ion  w a s  t o  evaluate  e x i s t -  
ing sepa ra to r  m a t e r i a l s .  The procedure was t o  sub jec t  separator  t e s t  
samples t o  the  environment t h a t  c e l l s  would be required t o  experience. 
The second phase of t h i s  study w i l l  incorporate  the  more 
promising separator  ma te r i a l s  i n  c e l l s .  Af t e r  t he  c e l l  c h a r a c t e r i s t i c s  
have been determined, they w i l l  be subjected t o  t h e  T e s t  Approval pro- 
cedure. 
me t h i r d  phase of t h i s  program w i l l  go through a more 
d e t a i l e d  evaluat ion of t he  e f f e c t  of t e s t  environment on the  ind iv idua l  
c e l l  components. 
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11. FACTUAL DATA 
A. SEPARATOR SCREENING TESTS 
1. Procedure 
The f i r s t  p a r t  of  t h i s  program was concerned with screening 
var ious separa tors .  The separa tor  t e s t  employed was designed t o  d e t e r -  
mine the  e f f e c t  of  the  e leva ted  temperature on the  var ious  samples. 
The T e s t  Approval Procedure s p e c i f i e s  t h a t  t h e  components w i l l  be 
heated to  145OC while  immersed i n  a s o l u t i o n  of potassium hydroxide 
and w i l l  be maintained a t  t h i s  temperature f o r  36 hours i n  a sea led  
container .  Three such exposures a r e  requi red .  P r i o r  t o  each exposure,  
one hour i s  allowed f o r  temperature s t a b i l i z a t i o n .  The t o t a l  time was 
111 hours.  
The p a r t i c u l a r  t e s t  t h a t  w a s  employed f o r  t he  sepa ra to r s  was a s  
follows. The sample i n  quest ion was cu t .  The length and width were 
measured t o  the  neares t  1/64 of  an inch. I n  add i t ion ,  t he  d i r e c t i o n  i n  
which the  separa tor  was wound was noted. For the  purposes of  c l a r i t y ,  
t h e  des igna t ion  "d i rec t ion  of  r o l l "  i s  the  d i r e c t i o n  perpendicular  t o  
the  a x i s  of  the  mandrel on which the  separa tor  was r o l l e d .  
The thickness  was measured a t  random loca t ions  along t h e  sample 
with a S t a r r e t  micrometer and read t o  the  nea res t  0.0001 inch. The 
f i r s t  c l i c k  of the  r a t c h e t  was used as t h e  s top .  F ina l ly ,  each separa tor  
was weighed on an a n a l y t i c a l  balance. 
The pressure  v e s s e l  cons is ted  of a can, cover,  and a gasket .  
The can was fabr ica ted  from 304L s t a i n l e s s  s tee l .  The i n t e r i o r  of t h e  
can was passivated with a d i l u t e  n i t r i c  a c i d  so lu t ion .  A f lange ,  made 
a l s o  of  304 L s t a i n l e s s  s t ee l ,  was welded t o  t h e  top l i p  of  t h e  can. 
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The ou t s ide  per iphery of t h e  f lange was d r i l l e d  and tapped. 
of 118 inch cold r o l l e d  s t e e l  p l a t e .  
t he  f lange .  The gasket  was a shee t  of Teflon 20 m i l s  th ick .  The film 
was l a i d  on the  f lange and sea l ing  was accomplished when t h e  cover was 
bo l t ed  secure ly .  The Teflon f i lm w a s  continuous, and consequently,  t he  
cover w a s  p ro tec ted  from t h e  c e l l  atmosphere. 
The cover was 
Holes were l i n e  bored with those i n  
The separa tor  w a s  then placed i n  the can. A 5 m i l  Teflon shee t  
w a s  piaced between iiie iiiterior of the caii and the eepir=+-c?r. 
34% potassium hydroxide was added t o  submerge the  sample. 
then sea led  and placed i n  the  oven which was maintained a t  145OC. 
a minimum of 111 hours ,  t h e  ves se l s  were taken out of the  oven. The 
v e s s e l s  were opened. The separa tors  were removed and washed f r e e  of 
potassium hydroxide. 
S u f f i c i e n t  
The can was 
Af t e r  
Af te r  drying,  t he  sample w a s  measured and reweighed. Visual  
changes were noted,  and an  es t imate  w a s  made of t he  mechanical s t r eng th .  
This  d a t a  is  tabula ted  i n  Table 11. 
a r e  l i s t e d  i n  Table I. 
The supp l i e r s  of a l l  t h e  samples 
2. T e s t  Resul t s  
a .  Asbestos Cloth - Very l i t t l e  change i n  length o r  width was 
observed. However, t he re  was a la rge  decrease i n  separa tor  weight 
and thickness .  The material w a s  l i g h t e r  i n  co lor  and more b r i t t l e  
a f t e r  t he  test. 
The asbes tos  c l o t h  w a s  a l s o  evaluated with 45% potassium hy- 
droxide.  
There was a layer  expansion i n  width, t h e  thickness  decrease was 
more pronounced, 26.3% t o  32.5%, and the  weight l o s s  w a s  s l i g h t l y  
more pronounced, 42.4% t o  45.4%. 
b. Polypropylene SM91 - There was considerable  shrinkage i n  both 
t h e  length and width.  The change i n  weight was neg l ig ib l e .  There 
The same type of r e s u l t s  w e r e  obtained a s  i n  34% KOII. 
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was, however, a l a rge  inc rease  i n  thickness .  No v i s u a l  change was 
apparent.  
c .  Polypropylene EM476 - There w a s  considerable  shrinkage i n  both 
length and width. There was a no t i ceab le  weight change. However, 
a l a rge  increase  i n  thickness  w a s  ev iden t .  No v i s u a l  change w a s  
not iced i n  co lo r  o r  consistency. 
d. Polypropylene-Nylon 124.3 - A s  i n  the  case of t h e  above poly- 
propylene sepa ra to r s ,  t h e r e  w a s  a s i g n i f i c a n t  degree of shr ink-  
age i n  both the  length and width of t he  mater ia l .  A l a r g e  weight 
change was observed. The thicknessshowed a t y p i c a l l y  l a r g e  de- 
c rease .  When the  sepa ra to r  w a s  removed from t h e  can, and r in sed  
with water ,  a milky substance leached ou t  of t he  sepa ra to r .  
e .  Non-woven Nylon 2505ML - The m a t e r i a l  d i s i n t e g r a t e d  i n  the  
e l e c t r o l y t e .  
f .  Asbestos Paper - This m a t e r i a l  d i s i n t e g r a t e d  i n  the  e l e c t r o -  
l y t e  t o  pulp. 
g. Aluminum Oxide Paper 970AH - Thissample was a f e l t e d  "paper" 
composed of r e f r a c t o r y  aluminum oxide and a binder.  Af t e r  t r e a t -  
ment, t he  m a t e r i a l  w a s  reduced t o  a pulp i n  the  e l e c t r o l y t e .  
h .  Spec ia l  F i l t e r  Paper - This sample w a s  composed of Teflon 
deposited on a f i b e r g l a s s  base. Af t e r  exposure t o  the  hea t  
s t e r i l i z a t i o n  t e s t ,  t h e r e  w a s  considerable  shrinkage i n  both 
d i r e c t i o n s .  There w a s  a l s o  a l a r g e  decrease i n  weight and th i ck -  
ness .  With the  very t h i n  sepa ra to r  t h a t  r e s u l t e d ,  t h e r e  w a s  no 
f u r t h e r  i n t e r e s t  i n  t h i s  mater ia l .  It should be noted t h a t  a f t e r  
t he  t e s t ,  t he  f i l t e r  paper w a s  s t i l l  continuous and p l i a b l e .  
The r e s u l t i n g  shrinkages i n  the  polypropylene and polypropylene- 
nylon sepa ra to r s  a r e  s u f f i c i e n t l y  pronounced t o  prevent wrapping of t h e  
packs p r i o r  t o  hea t  s t e r i l i z a t i o n .  The r e s u l t i n g  change i n  dimensions 
during the  s t e r i l i z a t i o n  procedure may cause the  sepa ra to r  t o  r i p  o r  g ive  
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weak s p o t s .  
w i l l  al low the ma te r i a l s  t o  a t t a i n  a more s t a b l e  s t a t e ,  and consequently, 
sub jec t ing  the separator  t o  another high temperature exposure w i l l  r e s u l t  
i n  no s i g n i f i c a n t  changes. 
The p o s s i b i l i t y  does e x i s t  t h a t  the s t e r i l i z a t i o n  procedure 
The two polypropylene and the polypropylene-nylon m a t e r i a l s  were 
given a second s t e r i l i z a t i o n  treatment.  The r e s u l t s  shown i n  Table I11 
i l l u s t r a t e  t h a t  the changes a r e  very  small. Therefore,  a s t e r i l i z a t i o n  
procedure can be employed a s  a pre-rrreatment for CIiiiese sepa ra to r s  prior 
t o  wrapping the c e l l s .  
B. FABRICATION AND TESTING OF CELLS 
1. C e l l s  with Asbestos Separator 
It was known t h a t  the asbestos  c loth sepa ra to r  under t e s t  contains  
l a r g e  amounts of f ibe rg la s s .  By leaching out  t he  f i b e r g l a s s ,  i t  was 
assumed t h a t  the m a t e r i a l  would be s u i t a b l e  f o r  use. The asbestos  w a s  
soaked i n  34% potassium hydroxide f o r  5 days, and then r in sed  and d r i ed .  
Five packs were f ab r i ca t ed  using t h i s  separator .  
The packs were welded t o  the standard VO-6HS cover assemblies 
having the  two i s o l a t e d  terminals .  The cans were the standard VO-6HS 
con ta ine r s .  Af t e r  wrapping wi th  the separator  , t he  pack w a s  surrounded 
wi th  an i n s u l a t i n g  envelope made from 5 m i l  Teflon sheet .  This assembly 
was placed i n t o  the can and h e l i a r c  welded. The c e l l  was then leak t e s t e d  
on t h e  Veeco mass spectrometer. 
Two con t ro l  c e l l s  were fabricated i n  t h e  i d e n t i c a l  manner except 
t h a t  the standard separator  system was employed t o  wrap the  e l ec t rode  
packs. 
The c e l l s  with the  experimental s epa ra to r  w e r e  f i l l e d  wi th  12.0 cc 
of 34% potassium hydroxide. This w a s  a r e s t r i c t e d  quan t i ty  of e l e c t r o l y t e .  
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\ The c o r r e c t  amount w i l l  be determined by adding small  increments and 
observing the r e s u l t i n g  c a p a c i t i e s ,  i n t e r n a l  c e l l  r e s i s t a n c e ,  and t h e  over- 
charge pressures .  Figure 1 shows how the  c a p a c i t i e s  of  s tandard c e l l s  
vary with e l e c t r o l y t e  volume. The apparent  dropoff is probably due t o  
an aging phenomenon. Figure 2 shows t h e  v a r i a t i o n  i n  c e l l  p ressure  dur ing  
overcharge a s  a funct ion of e l e c t r o l y t e  volume. Note t h a t  t he re  i s  a 
r e l a t i v e l y  narrow range i n  t h e  des i r ab le  quan t i ty  of e l e c t r o l y t e .  
One of  the  con t ro l  c e l l s  was f i l l e d  with 12 cc of  e l e c t r o l y t e .  
The o the r  was f i l l e d  with 15.5 cc ,  t h e  next  increment t o  give an ind ica-  
t ion  of  t h e  incremental  increase  i n  capac i ty .  
After the  formation charge,  t h e  c e l l s  were discharged a t  C/2, 
3.0 amperes t o  1.0 v o l t .  The r e s u l t s  a r e  shown i n  Table IV. The c e l l s  
were then charged aga in  a t  C / l O  f o r  16 hours and discharged a t  C/2. 
end of  charge pressures  and the  capac i ty  of t h e  c e l l s  a r e  given i n  
Table V. A l l  c e l l s  gave lower capac i ty  on the  second cyc le .  With t h e  
low pressures  during overcharge,  the  c e l l s  genera l ly  ind ica t e  low e l e c -  
t r o l y t e  content .  Su f f i c i en t  e l e c t r o l y t e  was added t o  each c e l l  t o  br ing  
the  e l e c t r o l y t e  content t o  15.5 cc. 
The 
Further  t e s t i n g  of  these  c e l l s  i s  now i n  progress .  
Cells With The Polypropylene and Polypropylene-nylon Separators  
The polypropylene and polypropylene-nylon sepa ra to r s  were pre-  
2 .  
t e s t ed  a s  descr ibed i n  the  previous sec t ion .  The components and method 
of  f ab r i ca t ion  were i d e n t i c a l  t o  those employed f o r  t h e  c e l l s  with the  
asbestos  separa tor .  A s  ind ica ted  i n  Table 111, one polypropylene and 
the  polypropylene-nylon separa tor  a r e  r e l a t i v e l y  t h i n .  Therefore ,  l aye r s  
of  these ma te r i a l s  were wrapped between t h e  e l ec t rodes .  
Af te r  t he  formation charge,  t h e  c e l l s  were discharged a t  C / 2 ,  
3.0 amperes. The r e s u l t s  a r e  shown i n  Table VI. Two c e l l s  showed low 
capac i t i e s .  A small  increment of e l e c t r o l y t e  w i l l  be added i n  an at tempt  
t o  increase the  capac i t i e s  of t he  c e l l s .  
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111. FUTURE WORK 
A. PLANS FOR WORK DURING NMT REPORT PERIOD 
1. Separator  Tes t ing  
The t e s t i n g  of the  c e l l s  having t h e  asbes tos  c l o t h  as t h e  separ-  
a t o r  w i l l  continue.  The co r rec t  quant i ty  of e i e c t r o i y t e  wiii L& dster?-hed. 
I n  a d d i t i o n ,  vo l tages  and pressures  during overcharge, and c e l l  c a p a c i t i e s  
on d ischarge ,  w i l l  be determined. Af te r  t h i s  phase,  t he  c e l l s  w i l l  be 
subjec ted  t o  the  T e s t  Approval Procedure as spec i f i ed  i n  t h e  Work Statement. 
In  order  t o  determine what t he  c h a r a c t e r i s t i c s  of pure asbes tos  
sepa ra to r s  would be ,  s eve ra l  samples have been ordered; as of t h i s  w r i t -  
ing ,  they have not  been received. 
The c e l l s  with the  polypropylene and the  polypropylene-nylon 
sepa ra to r s  a r e  undergoing the  same t e s t i n g  a s  t h e  c e l l s  wi th  the  asbes tos  
separa tor .  
Two samples of polypropylene separa tor  have been received from 
t h e  Pe l lon  Corporation and a r e  undergoing screening.  
2. Determination of Resul t ing Degradation 
A t  t h e  completion of t he  3 rd  s t e r i l i z a t i o n  procedure,  t he  c m -  
ponents of t h e  c e l l s  w i l l  be removed and t e s t e d  t o  determine whether 
t h e r e  is  any degradation as a r e s u l t  of the exposure t o  the  hea t  s teri l-  
i z a t i o n  cycle.  
3. S t e r i l i z a t i o n  of Components 
Packs fabr ica ted  a t  t h e  present  t i m e  w i l l  be subjected t o  the  
Tes t  Approval Procedure. 
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4. Fabrication of  Cells With The Combinations of Heat-Treated and 
Untreated Cell Components 
Special laboratory cells have been ordered and are scheduled to 
be received by the 3rd week of February. These vessels are made from 
VO-6HS cans which have a stainless steel flange welded flush with the 
top edge. The cover is being fabricated to accept two isolated terminals 
and a pressure gauge assembly. 
ricate cells which have the various combinations of heat-treated and 
These vessels will be employed to fab- 
untreated cell components. 
8 
ESTIMATED COMPLETION DATE 
MAY JUNE APRIL 
I 
TASKNO. 1 
1. 1st Sterilization of Cells 
With Asbestos Separator 
2. 1st Sterilization of Cells 
With Polypropylene Sep. 
3. 2nd Sterilization of Cells 
With Asbestos Separator 
4. 2nd Sterilization of Cells 
With Polypropylene Sep. 
5. 3rd Sterilization of Cells 
With Asbestos Separator 
6. 3rd Sterilization of Cells 
With Polypropylene Sep. 
7. Determination of 
Degradation 
TASKNO. 2 
1. Sterilize Electrodes 
2. Sterilize Separators 
3. Fabricate Cells With 3 
Combinations of Treated 
& Untreated Electrodes, 
Separators, & Solutions 
From Treated Components 
4. Test Cells With Combin- 
ations of Cells With 
Treated & Untreated 
Electrodes, Separators, 
& Solutions From Treated 
Components I TASK NO. 3 
OPERATIONAL SCHlBfES 
MBKE DELIVERABLE ITEX3 
FINAL REPORT 
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TABLE I. SEPARATOR MATERIALS AND SUPPLIER 
MATERIAL 
Asbestos Cloth 
Polypropylene SM91 
Polypropylene EM476 
Polypropylene-Ny lon  124.3 
Non-woven Nylon 2505 ML 
Asbestos  Paper 
Aluminum Oxide Paper 970 AH 
Spec ia l  F i l t e r  Paper 
SUPPLIER 
RAYBESTOS MANHATTAN 
KENDALL MILLS 
KENDALL MILLS 
KENDALL MILLS 
PELLON CORP. 
CRANE CO. 
CARBORUNDUM CO. 
ACE SCIENTIFIC 
. 
T 
AV 
% 
-42.4 
-45.4 
-1.6 
-3.6 
-53.6 
-30.7 
TAB= II, 
RESULTS OF SEPARATOR S m  TEST 
& 
Asbestorr 
Cloth 
45% 
Polypropylene 
SH 91 
t I 
34% 
2 
1 
2 
1 
2 
-10.0 -7.5 +40.2( 
-10.6 -7.9 +40.0 -2.4 
-10.7 -7.4 +37.4 -4.0 - 9.5 -5.9 +36.8 
-8.3 -4.3 +36.1 -3.2 
-11.1 -9.8 -8.9 -53.6 
-11.7 -11.0 -8.1 -53.5 
-11.4 -10.4 -8.5 
Polypropylene 
W 476 
I I 
34% 
Polypropylene - 
nylon W 124.3 
1 I 
34% 
-0.4 +2.a 
-0.3 a . 4  
Non-woven 
nylon 2505 WL 
Asbestos 
Paper 
1 I I I .  
I f I I 
34% 
34% 
i I -0.3 1 1 +4.0 I +4.(l 
-0.5 
-0.6 f i . 0  
-9.4 -7.1 
AluninuPOIide 
Paper 970 AB 
Im 
Av 1 % 
34% 
-23.8 
-34.9 
2 
1 
2 
29.4 1::; 
-3.3 -3.8 -50.1 -34.1 
-4.3 -4.1 -43.3 -27.2 
-3.8 -4.c -46.7 
I A 
I I 
Special F i l t e r  
Paper 
-29.3 
-35.7 
34% 
-45.4 
-45.4 
32.5 
+40.3 I 1-0.9 
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TABLE 111, 
SECOND STERILIZATION OF THE POLYPROPYLENE 
AND ~-~ 
POLYPROPYLENE-EON SEPARATORS 
Polypropylene 
(SM9 1) 
Polypropylene 
(EM476) 
Polypropylene- 
(EM124 -33 
Nylon 
:TH 
AV . - 
-%- 
- 0 , 2  
-1 - 2  
-0.3 
w I 
% 
XA”ANE 
-0 .4  
m.9 
fo .9 
-0.4 
-0 .4  
0.0 
% CHANGE :::; +2.1 
+3.9 
+2.8 
ESS - 
AV e 
-%- 
-0.2 
-- 
+2 - 5  
- 
+3.4 
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, TABLE Iv 
CAPACITIES OF CELLS WITH ASBESTOS SEPARATORS ON FIRST DISCHARGE 
CELL NO. 
1 
2 
9 -I
4 
5 
c- 1 
c- 2 
i CELL NO. 
1 
5 
c- 1 
c-2 
SEPARATOR SYSTEM 
Asbestos 
Asbestos 
As he 8 t n s 
Asbestos 
Asbestos 
Non-woven Nylon 
Non-woven Nylon 
AM'T. ELECTROLYTE 
12.0 c c  
12.0 cc 
12.0 c c  
12.0 c c  
12.0 cc 
12.0 c c  
15.5 c c  
TABLE V 
END OF CHARGE PRESSURES AND AH CAPACITIES 
OF CELLS W I T H  TEE ASBESTOS SEPARATORS 
END OF CHARGE 
SEPARATOR SYSTEM PRESSURES 
Asbestos 4.0 psia 
Asbestos 4.0 psia  
Asbestos 5.5 ps ia  
Asbestos 4.5 ps ia  
As best os 6.5 ps ia  
Non-woven Nylon 6.5 psia  
Non-woven Nylon 9.5 psia  
CAPACITY TO 1.W 
6.15 AH 
5.80 AH 
5.80 AH 
5.75 AH 
6.00 AH 
6.85 AH 
7.55 AH 
CAPACITY TO 1.OV 
4.56 AH 
4.29 AH 
4.26 AH 
4.20 AH 
5.41 AH 
4.50 AH 
5.25 AH 
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TABLE V I  
CELL NO. 
P- 1 
P-2 
P-3 
P-4 
P-5 
P-6 
P- 7 
P-8 
P-9 
P-10 
P-11 
P-12 
P-13 
P-14 
P- 15 
CAPACITIES OF CELLS WITH THE POLYPROPYLENE AND 
POLYPROPYLENE-NYLON SEPARATORS 
SEPARATOR SYSTEM 
sM9 1 
349 1 
SM9 1 
sM9 1 
sM9 1 
EM476 
EM476 
EM47 6 
EM476 
EM476 
EM124.3 
~ ~ 1 2 4 . 3  
EM124.3 
EM124.3 
EM124.3 
NO. OF LAYERS 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
CAPACITY TO 1 . W  
6.60 AH 
6.50 AH 
7.10 AH 
6.85 AH 
7.00 AH 
7.25 AH 
7.35 AH 
7.55 AH 
7.20 AH 
7.05 AH 
4.55 AH 
7.25 AH 
7.50 AH 
5.30 AH 
7.50 AH 
14 
15 
2.2 
2.0 
I S  
I .6 
I .4 
I .2 z % 
c 1.0 
3 0.8 
d 
3 
W 
Iy 
l l  0.6 
0.4 
0.2 
0 
16 
AVERAGE 
0 LOWEST VALUE 
1 12 14 16 18 20 
VOLUME +ELECTROLYTE IN CELL, ML 34% KOH 
M I900 
FIG. 2 PRESSURE CHANGES WITH ELECTROLYTE 
VOLUME DUR\NG OVERCHARGE o/l 
SEALEO NICKEL-CADMIUM CELLS 
NASA-Langley, 1966 CR-66105 
